东营凹陷沙四段烃源岩留-排烃量的实验研究 by 颜永何 et al.
第 44 卷 第 1 期  Vol.44, No.1, 79–86 
2015 年 1 月 GEOCHIMICA Jan., 2015 
 
 
收稿日期(Received): 2013-09-02; 改回日期(Revised): 2014-03-03; 接受日期(Accepted): 2014-08-20 
基金项目: ??????????????(2014CB239101); ????????(41173054); ??????????????
135??(Y234021001) 
作者简介: ???(1989–), ?, ?????, ???????????????E-mail: yanyong.he@163.com 
* 通讯作者(Corresponding author): ZOU Yan-rong, E-mail: zouyr@gig.ac.cn; Tel: +86-20-85290187 
YAN Yong-he et al.: Experimental study on hydrocarbon retention-expulsion 
 
???????????-???????? 
颜永何 1,2, 邹艳荣 2*, 屈振亚 2,3, 蔡玉兰 2, 魏志福 4, 彭平安 2 
(1.???? ??????, ?? ???? 834000; 2. ????? ????????? ?????????????, 
?? ?? 510640; 3. ???????, ?? 100049; 4. ????? ?????????? ??????????, ?? 
?? 730020) 
摘   要: ??????????????????? , ?????????????????? , ??
IH-Tmax ?, ???????????????????????????????, ??????????
?????, ?????-??????????????????????????, ?????????
??, ???????????????????, ????????, ?????, ???????, ??
??????????????????????????, ????????, ??????????, 
? NSOs??????????????????, ?????????????-???????????
????????????????? 
关键词: ??; ???; ???; ???? 
中图分类号: P593     文献标识码: A     文章编号: 0379-1726(2015)01-0079-08 
Experimental study on hydrocarbon retention-expulsion of Es4 formation 
source rock in the Dongying Depression 
YAN Yong-he1,2, ZOU Yan-rong2*, QU Zhen-ya2,3, CAI Yu-lan2, WEI Zhi-fu4 and PENG Ping-an2 
1. PetroChina Xinjiang Oilfield Company, Karamay 834000, China; 
2. State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 
510640, China; 
3. University of Chinese Academy of Sciences, Beijing 100049, China; 
4. Lanzhou Center for Oil and Gas Resources, Institute of Geology and Geophysics, Chinese Academy of Sciences, Lanzhou 730020, 
China 
Abstract: A large amount of oil has been generated from the excellent source rock of the Es4 formation in the 
Dongying Depression, Bohai Bay Basin. The evolving trend of the source rock is analyzed by using the IH vs. Tmax 
plot. Combining the simulation of the hydrocarbon retention potential, which is acquired by the solvent swelling 
experiment, with the hydrocarbon generation characteristics and process of this area, the retention and expulsion 
history of the Es4 formation are restored. With increasing maturity, some samples evolved from the same 
hydrocarbon-generated parent material can be regarded as a natural profile. The results of the retention simulation 
show that the volumetric swelling ratio and the amount of retention are decreasing with the increasing maturity, 
and that the immaturity sample has the largest retention hydrocarbon potential. The group-type fractions of the 
liquid hydrocarbon which retained in the source are not the same, saturates have the minimum hydrocarbon 
retention and it means that saturates are most easily expulsed from the source rocks. However, the NSOs (resins 
and asphaltenes) have the largest retention hydrocarbon potential. Combining the hydrocarbon retention history 
with the generation history of the basin, the whole retention-expulsion process of the Dongying Depression can be 
obtained. Therefore, the hydrocarbon retention experiment and evaluation method for the natural profile samples 
are established. 
Key words: solvent swelling; hydrocarbon retention; expulsion history; Dongying Depression 
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???; ????????, ?????????
??????????, ???????????
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1.2 ? ? 
??????????????????, ?
??????????????, ???????
?????????????[19]????????
????????????, ?????(Qv)???
Hildebrand ??, ?????????????(δ)
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表 1 东营凹陷沙四段样品基本地球化学参数 
Table 1 The basic geochemical parameters of the Es4 formation source rock in the Dongying Depression 
? ? S1 (mg/g) S2 (mg/g) S3 (mg/g) Tmax (℃) TOC (%) IH (mg/g) IO (mg/g) Ro (%) 
Es4-1 1.16 22.13 1.29 424 4.08 542 32 0.29 
Es4-2 0.67 11.15 1.74 433 2.17 514 80 0.49 
Es4-3 0.75 21.56 1.28 441 3.44 627 37 0.61 
Es4-4 1.49 9.82 1.59 443 2.10 468 76 0.71 
Es4-5 0.46 9.49 0.82 440 2.70 351 30 0.68 
Es4-6 1.46 5.39 0.44 438 1.88 287 23 0.64 
Es4-7 0.33 0.86 0.69 445 0.80 108 86 0.89 
Es4-8 1.13 1.78 1.14 454 5.99 30 19 1.28 
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表 2 实验中选取溶剂的溶解度参数 
Table 2 Solubility parameters of the selected solvents in the experiments 
? ? ????? δ (J/cm3)0.5 
??? 14.90 
???? 17.80 
?? 20.70 
2-?? 23.50 
?? 25.99 
 
???“???????”?????????
?????, ????? 7??????[9–10], ??
???(CH4)???(C2~5)???????(C6~14)??
?????(C6~14)???????(C15+)?????
??(C15+)???+???, ???????????
??? , ?????????????????
??????????????????, ???
????????????????????(? 3)
? 13.91 (J/cm3)0.5? 18.42 (J/cm3)0.5, ???? Ritter
???[9–10]???, Ritter????[9–10], ?????
???????+????????????? , 
????+?????????????????
?????????, ?????? 3 ?????
????????????? 
 
表 3 原油中常见族组分的溶解度参数 
Table 3 Solubility parameters of the common components in crude oil 
????? δ (J/cm3)0.5 
???? 
Ritter[9] Ritter[10] ?? 
??????(C15+) 13.91 14.32 13.91 
??????(C15+) 18.42 16.37 16.37 
??+??? 18.42 14.32 18.42 
 
1.3 ???? 
?? Ertas et al.???, ???? 30~150 ℃?
???????????[3], ???????? 30 ℃
??????, ????????????[4,14]??
????, ?????????(W1)??????
?, ??????????????, ?????
?????? 30 ℃?, ????????????
????, ????, ?? 24 h; ??, ? 3000 r/min
?? 10 min?????????????????
??????? W2, ????????????
?????????(Qv)? W1?W2???????
?????: 
2 1 1
v
2 1
( - )1 W W WQ ρ ρ              (1) 
Qv ??????????? ; ρ1 ???????
(g/cm3); ρ2 ????????(g/cm3); W1 ????
???(g); W2??????????(g)? 
2 ??????? 
2.1 ?????????? 
????????, ???????????
??????, ???????? IH-Tmax????
?????[17]?Banerjee et al.?????, ???
?????????????, ? IH-Tmax????
????: 
max 
H
 ( -435)1/  eB TI A C               (2) 
A?B?C??????????????; IH???
?(mg/g); Tmax?????????????(℃)? 
?????????????(? 1), ???
TOC ???? 0.80%~5.99%??????????
? IH-Tmax?????(? 1), ????, ?????
?, ????????????????????
??Tmax? 424~454 ℃, ??“??”??, ????
?????????????????, ????
???????????-??????????? 
 
? 1 ???????? 
Fig.1 The classification of kerogens from the Es4 formation 
 
?????, ???????? 4 ?????
??(? 4), ????, ???????????? 
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表 4 沙四段 Rock-Eval 热解数据 
Table 4 Rock-Eval pyrolysis data of the Es4 formation 
?? ? ? 
(m) 
? ? S1 (mg/g) 
S2 
(mg/g) 
S3 
(mg/g) 
Tmax 
(℃) 
IH 
(mg/g) 
IO 
(mg/g) 
TOC 
(%) 
?? 1 3216.20 ???? 0.54 7.03 0.38 441 345 19 2.04 
?? 1 3916.00 ???? 1.35 2.93 0.44 447 109 16 2.68 
?? 5 4310.87 ?????? 0.07 0.19 0.51 439 46 124 0.41 
?? 6 3876.64 ?????? 0.32 0.68 0.29 442 46 20 1.48 
?? 6 3892.13 ???? 0.45 0.82 0.41 441 73 36 1.13 
?? 6 3890.60 ???? 0.60 4.35 0.19 438 105 5 4.13 
? 133 3069.40 ???? 0.93 1.22 0.28 426 86 20 1.42 
? 158 3100.60 ????? 0.97 13.95 0.35 446 484 12 2.88 
? 158 3379.70 ????? 0.85 5.85 0.39 442 325 22 1.80 
? 176 3226.01 ???? 0.29 0.52 0.40 443 30 23 1.71 
? 767 3465.90 ???? 2.01 27.17 0.26 445 487 5 5.58 
? 22 2964.50 ?????? 0.37 7.94 0.45 436 427 24 1.86 
? 222 3670.64 ???? 0.68 3.72 0.41 437 284 31 1.31 
? 222 4015.26 ????? 0.25 6.27 0.41 449 253 17 2.48 
? 23 3532.44 ?????? 0.49 12.43 0.33 442 324 9 3.84 
? 920 3220.30 ????? 0.47 16.12 0.60 443 397 15 4.06 
? 923 3221.75 ???? 0.76 7.66 0.47 434 363 22 2.11 
? 923 3337.35 ?????? 1.04 1.51 0.96 418 39 25 3.83 
? 924 2818.10 ???? 0.14 5.07 0.67 436 271 36 1.87 
? 924 2831.45 ?????? 0.37 11.80 0.04 435 437 1 2.70 
? 924 2857.59 ???? 0.21 5.87 0.37 434 328 21 1.79 
? 924 2858.82 ???? 0.30 7.71 0.52 432 331 22 2.33 
? 924 2893.67 ???? 0.34 13.33 0.52 433 410 16 3.25 
? 924 2909.14 ???? 0.80 26.86 0.40 437 510 8 5.27 
? 928 3528.20 ?????? 1.13 8.48 0.40 439 341 16 2.49 
? 928 3626.80 ?????? 1.90 10.51 0.63 445 353 21 2.98 
? 928 3907.00 ?????? 1.03 3.32 0.66 448 101 20 3.29 
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?, ?????????????????, ??
???????????????, ??????
???????? 
??????????????????, ?
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? 2 ???????? 
Fig.2 The same origin determination of the Es4 formation samples 
 
? 3 ?????????????????????? 
Fig.3 Evolutionary trend comparison between natural evolution 
profile samples and the typical ? kerogens 
 
?????????? 5 ???, ?????
?????? 5??????????, ?? Es4-8
?? Tmax??? 454 ℃, Ro=1.28%???????
??[4], ???(Qv)? Ro>1.25%????????
????????????????????? , 
?????????? Ro<1.25%[20], ??????
????, ???????????????, ?
??????????????????????
?????(? 4)? 
?? 4?????, ?? Tmax???(????
??), ???????????????????, 
?? Tmax? 424 ℃??? 445 ℃, ???? 1.49
??? 1.35??? Ritter[9–10]???, ??????
????????????????????, ?
????? 5????????????????, 
????????, ??? 4 ?????????, 
?? 21 (J/cm3)0.5??(? 5), ?? Ritter???[9–10]
???? 5????, ???????????, ?
??????????????????, ???
????????????????, ?????
??????????? 
 
? 4 ????????????? 
Fig.4 The swelling ratio of kerogens in different solvents 
 
? 5 ????????????????? 
Fig.5 The swelling ratio vs. the solubility parameter of the samples 
from the Es4 formation 
 
2.3 ?-????? 
??????????????????? , 
??????????????, ???????
??????????????????????
??????????????????????
???, ??????????????????
???????????????[2]? 
??????????????????, ?
?????????????, ????????
3 ??? , ???????(C15+)???????
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(C15+)? NSOs(??+???), ?????????
?????(? 3)??????????[14,15]??
?, ??“?????”?????, ??????
Ritter??[9–10]????????????????
??????[14]???????????? 5? 
 
表 5 东营凹陷沙四段生烃量 
Table 5 The hydrocarbon generation of the Es4 formation in the 
Dongying Depression 
Ro 
(%) 
??? 
(mg/g) 
??? 
(mg/g) 
??? 
(mg/g) 
NSOs 
(mg/g) 
0.29 / / / / 
0.49 41.5 11.3 11.3 18.9 
0.64 115.1 38.7 22.6 53.8 
0.89 352.8 201.9 55.6 95.3 
 
?????? δ ?????????????
???????: 
δ = ∑Wi δi    (i = s, a, n)       (3) 
Ws?Wa? Wn??????????? NSOs ??
???(? 5)??????; δs?δa? δn?????
?????(C15+)???????(C15+)? NSOs(??
+???)??????(? 3)??????????
??????????? 5 ??????, ???
?????????????????????: 
v 1
2
( 1.0)Q ρ
Mr ρ
＝              (4) 
Mr??????????????(g/g); Qv???
?; ρ1??????????????(g/cm3); ρ2?
??????(g/cm3)? 
????????????????????
??????????????: 
Yj =Mr δj/∑δi     (i, j = s, a, n)     (5) 
Yj? j???????????; Mr??????; 
δs?δa? δn??????????(C15+)?????
??(C15+)? NSOs(??+???)????????
?, ????????????????????
??? 
??????????????, ?????, 
?????, ????????????????
??NSOs??????, ??????, ????
?????(? 6)???? NSOs(??+???)??
???????, ??????????????
??????(? 4)????(? 6)???????
????????: Ro=0.29%?, ???????
????, ???? 0; Ro=0.49%?, ??????
??????, ???? 41.5 mg/g, ??????
?????????? , ?????????? , 
????????????????; ? Ro ??, 
?????, ??????, ?????????
???????????, ??????????; 
??????????, ????????, ??
???, ???????????????, ???
??????????????????????, 
?????????????, ????????
?????????Ro=0.89%?, ????????
????????(201.9 mg/g), NSOs??(95.3 mg/g), 
???????(55.6 mg/g), ?????NSOs??
??(45.97 mg/g), ?????(40.86 mg/g), ???
????(34.73 mg/g)?????????????
??? 83%, ? NSOs ??? 52%???????
???? NSOs? 
 
? 6 ??????????????? 
Fig.6 Hydrocarbon retention of the natural evolution profile samples 
in the Dongying Depression 
 
????????????????????
?? [ 1 4 ]?????? ,  ??????????
EasyRo%? 0.72%??(? 7); ?????????[14], 
????????? 11.8 Ma, ??? 2605 m???
??????????????????????
??[13]??? Wei et al.[14]?????????(?
7a), ?????Ro?? 0.6%, ?????????
??????? Ro ??, ?????????(?
7b)???, ????????????????? 
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? 7 ????(a)?????????(b)???-???(? Wei et al.[14]??) 
Fig.7 The generation-remain history from natural evolution profile samples and pyrolysis experiment 
 
????, ??????-???????????
??, ???????????????????
??????????????????, ???
??????????????, ???????, 
?????????????, ????????
??????????? 
3 ? ? 
(1) ???????????????? , ?
?? TOC???? 0.80%~5.99%??, ?????
???????, ?? IH-Tmax?????????
???????; ??????????????
???, ???????? 
(2) ???????? , ?????????
?? , ????? , ?????? , ??????
??????, ???????????????
?, ??+??????????????; ???
??????????;   
(3) ??????????????????
???, ??????????, ???????
?????????-?????????, ???
??????????????????????
??? 
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